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Abstract 
Student spoken use of mathematical terminology in public and private classroom discourse distinguishes one mathematics 
classroom from another. While student-student spoken interactions were frequent in the classrooms studied in Berlin, Melbourne, 
and San Diego, and non-existent in Shanghai and Seoul, student use of mathematical terminology varied significantly. The 
variation between the practices of the mathematics classrooms studied in Seoul, Shanghai, Hong Kong and Tokyo problematises 
any simplistic characterization of “the Asian classroom.” Our results demonstrate that student spoken facility with the technical 
language of mathematics requires deliberate scaffolding and, interestingly, this can be achieved through either public or private 
discourse. 
© 2010 Elsevier Ltd. 
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1. Outlining the Study 
We take the orchestrated use of mathematical language by the participants in a mathematics classroom to be a 
strategic instructional activity by the teacher. Our particular focus is the role of spoken mathematics in both 
instruction and learning. Research conducted in “Western” classrooms supports the contemporary advocacy of 
student classroom dialogue as an important instructional strategy in mathematics (Walshaw & Anthony, 2008). The 
instructional value of the spoken rehearsal of those mathematical terms and phrases central to a lesson’s content can 
be justified by reference to several theoretical perspectives. Interpretation of this spoken rehearsal as incremental 
initiation into mathematics as a discursive practice could be justified by reference to Walkerdine (1988), Lave and 
Wenger (1991), or Bauersfeld (1994). The instructional techniques employed by the teacher in facilitating this 
progression could be seen as “scaffolding” (Bruner, 1983) and/or as “acculturation via guided participation” (Cobb, 
1994). Interest in “speaking mathematically” as an important aspect of mathematics classroom interaction has an 
extensive history. Without revisiting in detail the distinction between “mathematics as a language” and the role of 
language in the learning of mathematics, it is important to note that “language and mathematics” is a conjunction 
that has been explored by a variety of scholars, particularly in the context of the mathematics classroom (for 
example, Pimm, 1987). Any theory of mathematics teaching/learning must address the role of language. If language 
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is universally accorded a central role in the learning of mathematics, then the instructional use of spoken 
mathematics by students and teachers in classrooms warrants investigation in settings differentiated by language, by 
school system and by culture. Such variation in classroom setting will provide the optimal conditions for the 
interrogation of both theory and practice regarding the role of spoken mathematics in classrooms internationally. 
Problem Statement: In what ways does the use of spoken mathematics by students help us to distinguish between 
mathematics classrooms internationally? What appear to be the consequences for both learning and instruction of 
the pedagogies employed in classrooms that differ according to the role of student spoken use of mathematical 
terminology? 
1.1. Methods 
This paper reports research into the nature and occurrence of spoken mathematics in well-taught classrooms in 
Berlin, Melbourne, San Diego, Seoul, Shanghai, Tokyo and Uppsala. The analysis determined the number of 
utterances occurring in whole class and teacher-student interactions in a sequence of five lessons from each of the 
classrooms studied (a total of 95 lessons from nineteen classrooms), together with the frequency of public statement 
of mathematical terms and, in a separate analysis, the number of utterances and spoken mathematical terms in the 
context of student-student (rather than public) interactions. Also analysed was student use of technical mathematical 
terms in 176 post-lesson interviews in which they described classroom activities and their mathematics learning. 
The research design that generated the data analysed in this project has been described in greater detail elsewhere 
(Clarke, 2006). For the analysis reported here, the most important methodological details relate to the 
standardization of transcription and translation procedures. Three video records were generated for each lesson 
(teacher camera, focus student camera, and whole class camera), and it was possible to transcribe three different 
types of oral interactions: (i) whole class interactions, involving utterances for which the audience was all or most of 
the class, including the teacher; (ii) teacher-student interactions, involving utterances exchanged between the teacher 
and any student or student group, not intended to be audible to the whole class; and (iii) student-student interactions, 
involving utterances between students, not intended to be audible to the whole class. All three types of oral 
interactions were transcribed, although type (iii) interactions could only be documented for two selected focus 
students in each lesson. Where necessary, transcripts were then translated into English. Transcription and translation 
were carried out by the local team responsible for data generation and were therefore undertaken by native speakers 
of the local language. Technical guidelines specified the format to be used for all transcripts and the conventions for 
translation (particularly of colloquial expressions). The analyses reported in this paper were undertaken on the 
English version of each transcript (classroom dialogue or interview). Since the analysis was of the occurrence rather 
than the meaning of key terms, translation should not have affected the results reported here. 
An essential point needs to be made here: In reporting the results of our analyses we have been careful to make 
explicit reference to “the Shanghai lessons” (or students, teachers or classrooms), meaning only those Shanghai 
lessons (or students, teachers or classrooms) for which we have data. In English usage, reference to “Shanghai 
lessons” or “Shanghai teachers” (without the specific use of “the”) would imply generalization to all Shanghai 
lessons or teachers, and we have made every attempt to avoid this implication.  
2. Public Mathematical Orality: who gets to speak publicly and do they talk mathematics? 
In our first analytical pass, we counted the number of utterances made by anyone participating in a whole class or 
teacher-student interaction (a “public utterance” from the student perspective). An utterance is taken to be a 
continuous spoken turn, which may be both long and complex. An utterance may contain more than one 
mathematical term, and our second analytical pass counted mathematical terms rather than utterances. The same 
mathematical term may appear more than one time in one utterance. For example, consider the utterance “Oh, ... it's 
a solution of the equation three x plus four y equals two. A solution, right?” The same mathematical term 
“solution” appears twice in this utterance. When such a situation occurred, the mathematical term was only counted 
once as we regard it to be one single conceptual contribution to the classroom discussion. For the purpose of this 
paper, we restricted our second-pass analysis to those mathematical terms and phrases that were central to the 
content of a lesson, which we will refer to as ‘key mathematical terms’ or ‘key terms’ hereafter. The results of our 
first two analytical passes are displayed in Figures 1 and 2. In both figures 1 and 2, teacher spoken contributions are 
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indicated by light grey, choral (whole class) responses in dark grey, and spoken contributions from individual 
students in black. 
 
 
Figure 1. Average Number of Public Utterances per lesson in Whole Class and Teacher-Student Interactions (Public Oral Interactivity) 
 
 
Figure 2. Frequency of Occurrence of Key Mathematical Terms in Public Utterances (Mathematical Orality) 
Figure 2 shows how the frequency of occurrence of key mathematical terms varied among the classrooms studied. 
As has already been stated, our concern in this analysis was to document the opportunity provided to students for the 
oral articulation of the relatively sophisticated mathematical terms that formed the conceptual content of the lesson. 
The number of utterances and key mathematical terms was normed to a standard lesson length of 45 minutes. From 
the results displayed in Figures 1 and 2, we suggest that the instructional practices of the teachers in the various 
classrooms assigned spoken mathematics a very different function in public classroom discourse. 
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3. The Significance of Student-Student Interactions 
The private conversations recorded in any one lesson were only those of the two focus students and their 
immediate neighbours. Two different focus students were recorded in each lesson. In this section of the paper, we 
report the frequency of utterances (uninterrupted oral communications) and key mathematical terms in both public 
and private arenas with respect to the two focus students recorded in each lesson. In this third-pass analysis, all 
utterances made by the two focus students were differentiated according to whether the utterance was targeted at a 
public audience or a private audience. Public utterances were those made to the teacher (either in one-on-one 
interaction or in the form of a choral response) or to another student, but audible to the whole class. Private 
utterances included statements made to a student peer in private or to oneself. 
 
 
Fig. 3 - Public and Private Oral Interactivity: Frequency of utterance per student per lesson (each bar represents the average of two students for 
each of five lessons – ie. an average over ten students) 
 
Fig. 4 Public and Private Mathematical Orality: Frequency of use of technical terms (each bar represents the average of two students for each of 
five lessons – ie. an average over ten students) 
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In Figures 3 and 4, the results quoted for both public and private Oral Interactivity and Mathematical Orality are 
per focus student per lesson and have therefore been averaged over the spoken contributions of around 10 students 
per classroom for the duration of one  complete lesson each. Averaging over ten students should minimize the effect 
of individual student timidity or extroversion, although awareness of being recorded was a common characteristic of 
all focus students (and of their teachers). Again, the number of utterances and key mathematical terms was normed 
to a standard lesson length of 45 minutes. Figures 1 and 2 show relatively high levels of whole class public 
mathematical orality in the Shanghai classrooms, but this is not evident in Figures 3 and 4 because the typical public 
contribution of an individual Shanghai student occurs within a class of fifty students (at least ten more than the 
average for classes in any of the other cities) and a specific individual’s contributions will consequently be less 
frequent than in smaller classes. Rather than characterising aggregated whole class behaviours, Figures 3 and 4 
express their findings in terms of the individual student. At least three observations are noteworthy: (i) The complete 
absence of a spoken mathematical term in public or in private by all ten recorded students in each of the three Seoul 
classrooms; (ii) The absence of any private (student-student) use of mathematical terms in all three Shanghai 
classrooms (which in public discourse were sites of relatively frequent student mathematical orality); and, (iii) The 
remarkable result for Tokyo 2: averaging 9.46 privately spoken mathematical terms per student per lesson across a 
sample of ten focus students over the five lessons studied. 
Since all teachers studied were considered ‘competent’ by their local community, we must consider the 
occurrence of private student-student speech to be a deliberate affordance by the teacher within the socio-
mathematical norms of the classroom. As such, the prevalence of student-student talk must be seen as a signature 
characteristic of the classrooms in which it occurs. The patterns of use of mathematical language that characterized 
each classroom must not be interpreted as representative of the type of classroom practice advocated by any 
curriculum documents available at that time. Indeed, we have been told that in some cases (for example, the 
classrooms in Shanghai and Seoul for example) what has been documented is “old style teaching.” Rather than 
looking for possible national characteristics in the recorded lessons of only three classrooms per city, our entry point 
should be that each classroom offers a distinctive site with its own combination of speech characteristics. For the 
purposes of this analysis, it is not relevant whether instructional practice is well aligned with curricular advocacy. 
Each classroom represents a distinct environment and it is greatly to the advantage of the study that the classrooms 
documented include one classroom where the students spoken frequently in both public and private (eg Melbourne 
1), a classroom where the students made frequent public mathematical statements but not of private spoken 
mathematics (eg Shanghai 1), and classrooms in which students were never given the opportunity to speak 
mathematics in either public or in private (eg Seoul 1). The consistency of the practices of any one of the nineteen 
classrooms over a sequence of lessons, suggests that each classroom can be associated with its own pedagogy or 
pattern of instructional practice, reflective of the value attached by the teacher to particular classroom practices (eg 
student spoken mathematics) and particular student learning outcomes (eg mathematical vocabulary).  
4. Spoken Mathematical Fluency as a Valued Learning Outcome 
In the fifth stage of our analysis, the transcripts of 176 student post-lesson interviews were examined for the 
occurrence of the key terms that constituted the instructional focus of the lesson, together with those mathematical 
terms closely related to the key terms (related terms). In addition, we also coded other terms employed by the 
student to describe or explain some aspect of their classroom activity. We analysed transcripts of the post-lesson 
interviews with the same focus students whose private classroom conversations were recorded and analysed in 
stages 3 and 4 (above) and for the same lessons. Figure 5 displays the results of this analysis. 
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Fig. 5 Frequency of use of technical terms in post-lesson interviews (each bar represents the average per student over ten student interviews) 
Figure 5 suggests that despite the use of the same interview protocol in all countries, the students in the three 
Seoul classrooms used significantly fewer actual mathematical terms to describe their experience of the lesson. 
Consideration of Figure 5 suggests several interpretive hypotheses: 
x If student facility with technical mathematical vocabulary is a valued outcome, then the analysis of the post-
lesson interviews suggests that the public scaffolding of student technical fluency can be as effective as the 
encouragement of student-student spoken mathematics in developing this facility. 
x Where the classroom provided students with no opportunity for spoken mathematics (Seoul), there appears to be 
little inclination (and possibly capacity) to do so, even in interview situations where the invitation to use spoken 
mathematics was explicit (“Tell me what the lesson was about”). 
x Student inclination to employ other mathematical terms (‘other terms’) in addition to those specific to the lesson 
could indicate a form of interconnected knowing. Further analysis of interview transcripts is required to 
determine the significance of the use of ‘other terms’ as indicative of sophisticated understanding. 
x It appears that the capacity for the spoken articulation of mathematical understanding is being unevenly achieved 
even where it is explicitly valued. 
x Mathematical speech seems to require scaffolding, whether overt (Shanghai 1) or tacit (San Diego 2). 
We suggest that student use of appropriate mathematical terms in interview can be used as the indicator of one type 
of learning outcome of a particular mathematics lesson and, possibly, as an indicator of the success of the 
instructional practices of a particular mathematics classroom. 
5. Discussion and Conclusions 
Classrooms characterized by high public oral interactivity were not necessarily sites of high mathematical orality. 
The frequency and nature of student-student conversations also varied significantly between classrooms. Despite the 
frequently assumed similarities of practice in classrooms characterised as Asian, differences in the nature of 
students’ publicly spoken mathematics in classrooms in Seoul, Hong Kong, Shanghai and Tokyo are non-trivial and 
suggest different instructional theories underlying classroom practice. Post-lesson interviews suggest that student 
facility with mathematical language can be developed through whole class discussion without the explicit 
encouragement of student-student interaction. Differences in outcome in terms of facility with spoken mathematics 
(as displayed in interviews) may reflect differences in aspiration (rather than simply differences in success) – 
different cultures valuing different types of mathematical performance. Certainly, we suggest that cultural similarity 
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does not prescribe instructional practice. Any theory of mathematics learning must accommodate, distinguish and 
explain the learning outcomes of each of these classrooms. 
The essential question is, of course, whether or not students are advantaged in terms of their mathematical 
achievement and understanding by classroom practices that afford the opportunity to develop facility with spoken 
mathematics. The implicit assumption operating in the classrooms studied in Hong Kong and Seoul seems to be that 
the employment of spoken mathematics by students is not to the benefit of the students’ learning of mathematics. 
Classrooms studied in Melbourne, Berlin, Tokyo, San Diego and Shanghai, despite differences in implementation, 
seem to operate on the opposite assumption. The contemporary advocacy of student spoken mathematics in 
classroom settings is prompted by research conducted in Western classrooms. Here are two very recent examples: 
Students’ participation in conversations about their mathematical activity (including reasoning, interpreting, 
and meaning-making) is essential for their developing rich, connected mathematical understandings 
(Silverman & Thompson, 2008, p. 507, emphasis added). 
And also, 
What these researchers have demonstrated is that effective instructional practices demand students’ 
mathematical talk (Walshaw & Anthony, 2008, p. 523, emphasis added). 
The analyses reported in this paper problematise such unqualified advocacy. Since the research cited to justify such 
statements is entirely Western, it is possible that the advocated instructional practices might only be practicable in 
“Western” classrooms. Three considerations underlie this problematisation: (i) The advocated practices may be non-
viable in a culture dissimilar from that in which the research studies were conducted; (ii) The advocated practices 
may target outcomes that are not valued in school systems different from those studied; and (iii) The theories of 
teaching/learning by which such advocacies are rationalized may themselves be culturally-specific. Research is 
currently being undertaken into the cultural-specificity of the constructs (particularly pedagogical terms) from which 
our theories of teaching/learning are constructed and through which they are expressed. 
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